ambient temperature (29 °C); whereas, at 33.5 ± 0.5 °C, it lasted only for 2-3 days. There was an 48 increase in total length of larvae, when exposed to higher temperature and salinity, independently 49 or in combination, but at 33.5 ± 0.5 °C under all salinity conditions the larvae died on the 5 th day. 50
For the cardiac performance, larval heart beat (f H ) significantly increased for higher temperature 51 and salinity conditions (20 PPT; 33.5 °C) and lowered at ambient condition 12 PPT; 29°C. 52
Larval stroke volume V s, The giant fresh water prawn, Macrobrachium rosenbergii, is an indigenous species to 79 south and south-east Asia (Holthuis, 1980) . Lately, this prawn has been introduced to several 80 other countries as commercially important aquaculture species (New, 2002) . In their natural 81 environment, M. rosenbergii is inhabited in various environments including fresh water streams, 82 estuarine waters and canals connected to the sea (Jalihal et al., 1993; Shokita, 1979; Tiwari, 83 In general, elevated temperature and salinity variations affect the metabolic rate, calorific 90 intake and energy budget of decapods (Anger, 2003) . Temperature and salinity are the important 91 abiotic factors that control the growth and development of decapod crustaceans (Anger, 2003; 92 Kinne, 1964; Kinne, 1971; Chand et al., 2015; Habashy and Hassan, 2010) . Salinity around 12-93 15 PPT and temperature range from 28 to 30 °C appeared to be optimal for the adults and larvae 94 (Ling, 1978) . Salinity plays a critical role on egg, embryo and larval development during the life 95 cycle of M. rosenbergii. Yen and Bart (2008) studied the negative effects of elevated salinity on 96 the reproduction and growth of female M. rosenbergii. Salinity influences all aspects of larval 97 biology including survival, development, morphology, the moulting cycle, growth, feeding, 98 metabolism, energy partitioning, and behavior (Anger, 2003) . Likewise, Guest and Durocher 99 (1979) reported the necessity of brackish water for the completion of larval development in M. 100
amazonicum. 101
Temperature, the other major factor, influences the species distribution, range of thermal 102 tolerance and acclimatization of ectotherm organisms (Schmidt-Nielsen, 1997). In tropical 103 environment, ectotherms have narrow range of thermal tolerance due to lack of seasonality in 104 this region and most of them are living at the verge of their maximum thermal limit, making 105 them vulnerable under global warming scenarios (Sunday et al., 2012) . In crayfish, significant 106 difference on the gonad development and spawning were observed at different temperatures 107 The adult male and female of M. rosenbergii were procured from a fisherman based at 130
Cuddalore, Tamil Nadu. The shrimps were transported to the demonstration hatchery at the 131 Centre for Climate Change Studies, Sathyabama University, Chennai in an oxygen filled poly-132 ethylene bags. After transfer, the shrimps were acclimatized for 2-4 hours to the laboratory 133 condition and shifted to 4×500 l fiber tank filled with the fresh water and fitted with biological 134 filters. The water temperature was maintained at 29 °C and salinity at 0 PPT. The animals were 135 fed three times a day with grated potatoes and commercial prawn feeds. Ten to 30% of the water 136 was exchanged once in 3 days to maintain the quality. Results 210
Larval survival rate 211
Immediately after hatching, we collected the larvae and concentrated in 12 PPT seawater with a 212 density of 71±3.7 individuals ml -1 . Soon after, equal volume of water assuming equal numbers of larvae (approx. 3500 ± 82.76 individuals) were distributed among all the experimental experimental conditions, the survival rate varied between 76-96 % (Table 1) 
Morphometrics of larvae 231
Larval morphometrics were analyzed by measuring total length after 4 th day ( fig. 7) . In general, 232
we observed an increase in the total length of larvae upon exposure to higher temperature and 233 salinity independently or in combination up to 4 th day (p<0.001(temperature); p<0.01(salinity); 234 p<0.05(temperature*salinity)), however the larvae in the higher temperature (33.5 °C) in all 235 three salinity (12, 15, and 20 PPT) conditions died on 5 th day. 236 237
Larval activity 238
Larval activity was measured in terms of maxilliped movement which ranged from 90 to 250 239 bpm across different conditions ( fig. 8 ). Mean maxilliped frequency decreased significantly at 240 higher temperature and salinity conditions than the ambient conditions (p<0.05(temperature); higher temperature and salinity conditions (20 ppt; 33.5 °C) and minimum in ambient condition 248 12 ppt; 29°C. Temperature, salinity, and their interactions showed significant effect on f H 249 (p<0.001(temperature); p<0.01(salinity); p<0.05(temperature*salinity)). Larval stroke volumes 250 (V s ) across different conditions were in the range of 0.005-0.020 nl beats -1 , higher in ambient 251 conditions and lowest in higher temperature and salinity conditions ( fig. 9 ). Temperature, 252 salinity, and their interactions showed significant effect on V s (p<0.001(temperature); 253 p<0.001(salinity); p<0.05(temperature*salinity)). Cardiac output (Q) which is the product of 254 V s * f H was in the range of 2-5 nl min -1 , with higher in the ambient condition and lowest in the 255 higher temperature and salinity For larval growth, there was an increase in total length of larvae up to 4 th day for salinity 290 (p<0.01), temperature and combined temperature and salinity (p<0.05). Although temperature 291 was major determining factor for growth (Kumlu et al., 2000) , the quality of larvae was 292 compromised and died in 5 th day for the higher temperature (33.5°C) in all salinity conditions. 293 294
Larval activity and metabolic performance 295
Lipid in yolk acts as energy sources for the early stages of larvae, ensuring the first successful 296 molt and supporting the survival of early larvae before it started feeding (Yao et al., 2006) . The 297 effects of temperature on metabolic and developmental rates are expressed through changes in 298 the consumption speed of reserves (García-Guerrero, 2010). In the present study, larval yolk in 299 both ambient temperature and 31°C lasted for 4 days, but for the higher temperature, the yolk 300 depletion was completed either on day 2 nd or day 3 rd ( figure 5, 6) . Under the increased 301 temperature, the rate of metabolic processes hiked, demanding more energy, and causes the early 302 volume decreased with increasing temperature in adult M. rosenbergii. They also showed that 317 the animals retained their 76% of aerobic scope at 30°C. We observed the lower stroke volume 318 and cardiac output in the present study, which may have affected the oxygen consumption rate of 319 organism. Hence, the temperature and salinity beyond tolerance level could initiate anaerobic 320 metabolism with detrimental effects. 321
Further, the decrease in aerobic scope could affect the function and behavior of larval 322 activity in order to maintain pejus temperatures for long term survival (Portner and Knust, 2007; 323 Wang and Overgaard, 2007) . For example, the rise of temperature above 15°C in the kelp crab 324
Taliepus dentatus constrained the aerobic scope and affected the level of maxilliped activity 325 (Storch et al., 2009 ). This was observed in the present study as well, in which the mean 326 maxilliped frequency was significantly lowered in elevated temperature and salinity conditions. 327
However, under the combined conditions of salinity and temperature, larval activity did not show 328 significant effect as similar to our cardiac output results. 329
Corollary, this study shows that substantial increase of temperature and salinity may 330 subtracting the growth in mm on 1st day from 3rd day. Where T*S-29°C/12 PPT; T1*S-31°C/12 502 PPT; T2*S-33.5°C/12 PPT; T*S1-29°C/15 PPT; T1*S1-31°C/15 PPT; T2*S1-33.5°C/15 PPT; 503 T*S2-29°C/20 PPT;T2*S2-33.5°C/20 PPT 504 Where, T*S-29°C/12 PPT; T1*S-31°C/12 PPT; T2*S-33.5°C/12 PPT; T*S1-29°C/15 PPT; 506 T1*S1-31°C/15 PPT; T2*S1-33.5°C/15 PPT;T*S2-29°C/20 PPT;T2*S2-33.5°C/20 PPT 507 508 Figure 9: Cardiac performance. Cardiac performance of larvae on 4 th day. Where, T*S-509 29°C/12 PPT; T1*S-31°C/12 PPT; T2*S-33.5°C/12 PPT; T*S1-29°C/15 PPT; T1*S1-31°C/15 510 PPT; T2*S1-33.5°C/15 PPT;T*S2-29°C/20 PPT;T2*S2-33.5°C/20 PPT 511 512 513 Table  517 Table 1: Survival rate of larvae exposed under different conditions 518
Condition
Rate of survival (in %) T*S 95.8 T1*S 87.6 T2*S 0 T*S1 96.8 T1*S1 76 T2*S1 0 T*S2 .005 .000 .003
ANOVA results
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